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During the past thirty years great progress has been made in the dairy
industry. This has been brought about, in the main, by three things:—the
invention of better machinery for handling and manufacturing the various
dairy produots; the improvement by breeding of cattle used for this purpose;
and by the use of more rational methods of feeding. Certainly not the least
of these is the question of feeding.
A few years ago the average dairyman fed his cattle the foods most
easily obtained, and with little or no regard to the composition of such foods
or to the needs of the animal. This condition still prevails on many of our
dairy farms, but the knowledge necessary for intelligent feeding is gradually
spreading through the medium of the farm papers, farmers' institutes, ex-
periment station bulletins, and the various extension movements.
Without the knowledge which enables us to feed in a way which will re-
quire the animal to handle the minimum of waste materials, suoh records as
those made by Jacoba Irene (Jersey) and Colantha Hth's Johanna (Holstein)
would be practically impossible. The former produced in 365 days 17,253
pounds of milk containing 952 pounds of milk fat, and the latter 27,H32 pounds
of milk containing 998 pounds of milk fat.
While a great deal of work has been done and much has been written on
the subject of feeding dairy cows, there Is yet room for much oareful inves-
tigation along this line. Authorities do not entirely agree on the standards
used, and scientific findings are constantly changing former views.
OBJECT.
While the experiments from which the following data are taken were not
conducted for this express purpose, data have been accumulated whioh may be




b rough t to bear on the subject, especially from the practical standpoint.
Our object is to compare this data with the standard commonly used and to
bring out a few other points shown by the data.
No attempt will be made to review or discuss at length the literature
on the subject. A simple statement of the steps thus far taken in feeding
standard? for dairy oows will be sufficient.
Brief Discussion of Standards.
In 1S10 a comparison of foods was made by Thaer. The result was a feed-
ing table in which was given the amount of various foods equivalent , in feeding
value^to one hundred pounds of "Meadow Hay." Uuch difference of opinion on
these values existed, but it led to more careful investigation on the subject.
The first feeding standard for farm animals in general was proposed by
Grauven in 1859 and was based on the content of protein, carbohydrates and
fat, shown by chemical analysis. He recommended that the dairy cow be given
2.74 pounds cf protein. This was objected to on the ground that it consider-
ed only total nutrients and not digestible nutrients.
From this time on, some of our best scientists have been working on this
important subject of animal nutrition and the result has been a great improve-
ment in standards.
The first feeding standard based on digestible nutrients was published
by Emil V. Wolff, the great German scientist, in IS6H, His aim was to so
balance these nutrients in the daily ration that the animal would not be re-
quired to handle an exoess of one in orde 1- to get a sufficient quantity of
the other. His standard for dairy cows was as follows: dry matter, 24 pounds;
protein, 2.5 pounds; carbohydrates , 12.5 pounds; and ether extract, .4 pounds,
a nutritive ratio of 1:5.4. This standard was a great improvement over pre-
vious standards and came into general use. It was severely criticised from
different points of view. One of the criticisms was that it did not take into

account the different degrees of production by the animal.
About 1897 it was modified by Dr. C. Lehmann in such a manner as to
take into account this variation in production to the following extent:
Dry matter Prot, Carbo
.
Fat. N. R.
Cows giving 11 # milk, 25 1.6 10.0 .3 1:6.7
« » 16-1/2* 27 2.0 11.0 .4 1:6.0
ii it 22 t '« 29 2.5 13.0 .5 1:5.7
ii it 27-1/2* " 32 3.3 13.0 .« 1:4.5
Standards were introduced into this country largely through the efforts
of Atwater, who proposed a standard as follows: dry matter, 25 pounds; protein,
2.5 pounds; carbohydrates, 12 to 13 pounds; and fat, .5 to .8 pounds, with a
nutritive ratio of 1:5.6.
Professor F. ¥, loll, of the University of Wisconsin, proposed a so-call-
ed "American Standard" which was as follows: dry matter, 24.5 pounds; protein,
2.15 pounds; carbohydrates, 13.27 pounds; and fat, . 7^ pounds, with a nutritive
ratio of 1:6.9. This standard was arrived at by collecting from a large num-
ber of dairymen the rations fed their cows, and striking an average. Some of
these rations would be interesting from a practical standpoint, but we shall
neither take time nor space to introduce them here.
Kuehn suggested that a basal ration, consisting largely of roughage, be
fed cows giving a small amount of milk, and increase the more nutritious foods
as the production increases.
It should be remembered that all standards are based on a live weight
of 1000 pounds. The Wolff-Lehmann standard oalled for .7 pound protein, 8.
pounds carbohydrates, and .1 pound fat to maintain a 1000 pound animal with-
out either gaining or losing in weight when kept at rest. This was found to
be too high, and has been reduced to .7 pound protein, 7. pounds carbohydrates,
and .1 pound fat for a 1000 dairy cow under normal conditions.
The latest important work done on this subject direotly was by Professor
T. L. Haecker, of the University of Minnesota. His work extends

over a number of years with a comparatively large number of oows. He has
proposed a standard, bused on his findings, which is lower in protein than
former standards and which is supposed to be adapted to all degrees of pro-
duct ion.
It is based on the fat oontent of the milk as well as the amount of
milk produoed. This is a step in advance of those based on the live weight
and quantity of milk alone. Theoretically, a more perfect standard would
be one based on the total milk solids produced, together with the live weight.
The ordinary dairyman, however, is not able to make a determination of solids
as readily as a determination of fat, and such a standard would make the
compounding of rations mere difficult for him.
Haecker
'
s standard is the one now commonly used in our dairy schools
.s stated as follows in bulletin 79 of the Minnes ota Experiment Stati
Coefficients for food of maintenance per cwt
,
, and
nutrients required for the production of one pound
of milk testing a given per cent of butter fat.
Carbo- Ether
Protein hydrates Extract
For Maintenance .07 .7 .01
Milk Testing 2.5 .0362 .164 .0124
• ii 2.6 .0369 .167 .0126
ii 2.7 .03 76 .171 .0129
ii ii 2.8 .038} .174 .0131
ii ti 2.9 .03 90 .178 .0134
ii ii 3.0 .0397 .181 .0136
ii ii 3.1 . 0404 .185 .0139
ii ii 3.2 .0411 .188 .0141
it ii 3.3 .041S .192 .0144
it ii 3.4 .0425 .195 .0146
ii ti 3.5 .0432 .129 .0149
ti it 3.6 .0439 .0151
ii ii 3.7 . 0446 .0154
ii ii 3.S .0453 .209 .0156
it ti 3.9 .0460 .213 .0159
ii it 4.0 .0467 .216 .0161
ii ii 4.1 .0474 .220 .0164
ii ii 4.2 .0481 .223 .0166
ii ii 4.3 . 0H88 .227 .0169







Milk Testing 4.5 .0502 .234 .0174
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ii H 5.8 .0593 .279 .0206
ii II 5.9 .0600 .26*3 .0209
it Ii 6.0 .0607 .2S6 . 0211
it 11 6.1 .0614 .290 . 0214
ii II 6.2 . 0621 .293 .0216
ii II 6.3 .062S .297 .0219
ii 11 6.4 .0635 .300 .0221
ii it 6.5 .0642 .304 .0224
It is with this standard that we propose to compare our findings in
the following data.
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PRESENTATION.
The data here presented was taken from a feeding experiment conduoted
with thirteen cows. The individual oows were in the experiment from one to
four years. The relative time is shown in plate one. In all, thirty-five
yearly records are presented, A summary from two other experiments including
twenty-nine cows will be given.
The cows used were by no means all of the best producing type. A part
of them was selected from dairy herds' in the Elgin district as typical good
and poor dairy cows. Others were pure-bred animals taken from the University
herd. They were perhaps about an average lot of cows and were kept as nearly
as possible under like conditions.
Two rations were fed, as follows: the first consisted of silage made
from well eared, well matured corn, alfalfa or clover hay, and a grain mix-
ture oonsisting of bran 50 pounds, oats 25 pounds, Buffalo gluten feed 12-l/Z
pounds, corn meal 10 pounds, and oil meal 2-1/2 pounds. This was fed to
cows A Nos, 19, 3, 5, 7» 6, 17, 20, 2 and 0. The second ration consisted of
the saite roughage as above, and a grain mixture consisting of bran 120 pounds,
corn meal 120 pounds, oats 60 pounds and oil meal 20 pounds. This ration was
fed to cows IS, 45 and }6.
All feed was carefully weighed back, and the exact amount eaten record-
ed. They were liberally fed, and carried a good amount of flesh, though there
was practically no gain in weight from the beginning to the end of the ex-
periment. It is to be regretted, however, that some of the data which would
give mure weight to the conclusions is seriously lacking. For this reason
it is very important that the reader keep in mind two things: careful analyses
of thg food consumed were not obtained ; chemical analyses of the milk were
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amount of milk and its content of fat.
The ooeffioients here used in calculating the digestible nutrients were
taken from Henry's tables. The factors used for silage are undoubtedly too
well matured,
low. The silage was made from well eared corn/and undoubtedly contained a
much higher percentage of dry matter than is given in Henry's tables.
The percentage of solids in the milk has in all cases been estimated
,
the estimate being based on the percentage of fat .. See Plate II.
IVherever the term "Nutrients" appears in the following data or discussion,
it implies digest ible nutrients only, unlese otherwise stated.
Part One.
In this part an attempt is made to show the varying amounts of nutrients
required per unit of product, from the beginning to the close of the lacta-
tion period, or up to one year from calving. An average for the entire time
is given, and this average i3 compared with the existing standard.
In the following tables, the upper number above the line at the top of
the column is the herd number of the cow, and the one immediately beneath
shows the number of lactation periods from which the average was taken.
Table one shows the average amount of milk produced per week by the in-
dividual cows. It gives a good idea of the productive capacity of the cows
used in this experiment, the average at the beginning of the period being
about .34 pounds of milk,tes*ting 3.7$> fat, per day, and about 7 pounds of milk,
testing 6f) fat, per day at the close. Note that some of them were not per-
sistent milkers and in neither period, out of three or four, continued for one
year. This was true of numbers 20, 3, 5 and 7.
Table two is made up in the same manner as table one, and shows the
average fat produced by the individual cows.
T^ble three shows the average amount of protein consumed per cow per
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one and two. The important thing shown in this table is that in many oases
the amount of protein consumed did not decrease, as the period advanced, in
proportion to the decrease in milk flow, which, theoretically, it should have
done. This was due, to some extent, to the character of the roughage avail-
able, especially the liberal feeding of alfalfa hay toward the latter part
of the period. The amount consumed per day ranges from 1.3 pounds to 3 pounds.
Table four shows the average amount of carbohydrates consumed per cow
per week during the same period. The amount consumed per cow per day ranges
from about 8 pounds to about 15 pounds.
Table five shows t*«e average amount of fat consumed per cow per week
during the same time covered by the foregoing tables. The amount consumed
per cow per day ranges from .7 pounds to .97 pounds.
Table six is the average taken from the preceeding tables and shows the
average amount of milk and fat produced and the average amount of nutrients
oonsumed per week by the 13 cows during 33 lactation periods.
There is a gradual decrease in the milk flow after the fourth week.
This decrease in milk is not accompanied by a material increase in the per-
centage of fat until the last third of the period is reached. During this
last third there is an increase from 3.7 per cent fat to 6 per cent fat, an
increase of 2.3 per cent. In this table the food fat was multiplied by
2-1/4 to reduce it to the same basis as the carbohydrates, for the purpose
of getting the total nutrients on the same basis.
Table seven was constructed from table six, and shows the average amount
per unit of product in the form of milk solids. The milk solids are the true
measure of production. w"e do not now make yp our rations based on the amount
of milk alone, but take into consideration the per cent of fat, as well. It
would be still better to base them on the milk solids, but these are not so
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Lbs. Digestible Nutrients Used in the Production of 1 lb. Milk Solids.
Average for 13 Cows During 33 Lactation Periods.
Total Carbo- 2-1/4 Total
Solids. Protein hydrates x Fat Nutrients
Week 1 21.14 .51 2.7S .31 3,71
ti 2 30.17 .44 2.44 .36 3.25
tt 3 30. 7S .47 2.53 .39 3.41
ir 4 30. 5S .50 2.64 .40 3.54
it 5 29.66 .50 2.59 .3S 3.49
ii 6 29.01 .45 2.6S .40 3.5S
ii 7 26. S5 .54 2.S5 .43 3.S4
ti g 27.91 .53 2.74 .41 3.69
ii 9 26.95 .56 2.90 .43 3.90
ii 10 26.20 .54 3.11 .46 4.11
it 11 27.31 .56 2.90 .43 3.90
ii 12 25.13 .60 3.07 .46 4.13
ii 13 23. 5S .65 3.20 .46 4.75
it 14 23. 28 .66 3.2S .4S 4.37
ii 15 23.68 .70 3.37 .4S 4.57
it 16 23.40 .70 3.4S .50 4.69
ii 17 22.71 .74 3.52 .52 4. SO
ii IS 22.61 .73 3 . 55 .51 4. SO
ti 19 20.65 .go 3. SO .55 5.11
it 20 21.73 .75 3.60 .52 4
.
88
ii 21 22.16 .72 3.53 .55 4.7S
ii 22 21.30 .73 3.60 .52 4.S7
ii 23 20. 81 .76 3.74 .54 5.06
ti 24 20.21 .77 3.7S .55 5.11
ti 25 20.21 .77 3.7S -54 5.11
ii 26 20,03 .79 3.7S .54 5.12
•i 27 15. S7 .93 4.64 .66 6.25
11 2S IS. 54 .SI 3.92 .57 5.31
u 29 16.02 .95 4.62 .66 6.25
ti 30 17.65 .86 4.21 .61 5.69
ii 31 16.79 .90 4.50 .62 5.99
ii 32 16.36 .90 4.27 .62 5. IS
ii 33 16.01 .90 4.45 .63 5.99
ii 34 15.70 .9S 4.94 .68 6.61
ii 35 15.65 .91 5.92 .65 7.49
n 36 14. 81 .90 4.79 .68 6.3S
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TABLE NO. 7 . (Continued)
Lbs, Digestible Nutrients Used in the Production of 1 lb. Milk Solids.
Average for 13 Cows During 33 Lactation Periods.
f!fl vhn — 2-1/4 Total
Sol ids Prot e in hvdrates x Fat Nut r i e nt s
Yeek 37 14. 76 .92 5.23 .71 6.67
it 36 13.91 .96 5.41 .79 7.16
it 39 13.31 1.02 5.30 .76 7.10
ii 40 12.52 1.11 5.57 .51 7.50
ii 41 12.26 1.13 5.66 .51 7.63
it 42 11.54 1.25 6.42 .55 6.54
ii 43 12.37 1.10 5.66 .77 7.55
it 44 11.60 1.25 5.96 .75 6. 00
ii 45 10.01 1.29 6.59 .91 9.10
ii 46 10. 65 1.31 6.51 .69 9.01
ti 47 10.10 1.45 7.44 1.00 9.90
it 46 9.90 1.60 7.45 .96 10.04
ii 49 9.53 1.37 7.71 1.05 10.14
ti 50 5.55 1.3* 5.35 1.10 10. si
ii 51 9.42 1.33 7.22 .96 9.51
•i 52 7.94 1.59 5.54 1.13 11. 28




Per Pound Sol ids, .76 4.01 .253 5.043
it ii Fat, 2,59 13.31 .635 16.735
it ii Milk, .1034 .5307 .0333 .6674





Th is table shows a oonstant inorease of nutrients required per pound of
product from the beginning to the end of the lactation period. It is graph-
ically illustrated by plate III, The amount consumed per pound of solids at
the end of the period is about four times that consumed per pound of solids
at the beginning of the period.
The second part of the table shows the average for the entire time,
not only for the milk solids, but also for the milk and fat. The amount con-
sumed per pound of milk is compared with the requirements as given by Haecker.
It is difficult to compare the amount consumed per pound of solids with
Haecker *s standard, since the standard is based on milk and fat alone. The
table shows that the cows under test consumed .0163 pound more protein, .0753
pound less carbohydrates and .0116 pound more fat than called for by the
standard. Of total nutrients on the same basis they consumed ,060 lf pound less.
According to Haecker, more protein was consumed than was necessary. This is
perhaps true, especially during the latter part of the period. However, had
this been withheld, it is a question whether the other nutrients would have
been as efficient. On this, note the findings in connection with table 3H.
In all the above oaloulations, the nutrients required for maintenance are
included. During the latter part of the periods the weight of the animals
increased materially, due to the growth of the foetus. In calculating the
nutrients for maintenance, this increased weight due to the foetus was in-
cluded in determining the average weight of the animal, assuming that it re-
quired as much for a pound increase in this as for a pound of added body
weigiit. This assumption may be wide of the mark. The factors used for main-
tenance were .7 pound protein, . 7. pound carbohydrates and .1 pound fat per
1000 pounds live weight.
The relation of the nutrients required for maintenance to the total





The horizontal divisions represent pounds per week and the vertical repre-
sent weeks.
Were we to exclude maintenance the difference between the requirements
in the early and latter part of the period would not be so great, due to the
requirements of the foetus.
In comparing these results with those of Professor Haecker, it is only
fair to state that the cattle used by him in arriving at his standard were
of uniform breeding, and were uniformly good producers and of good dairy
type. His work was done during the winter months, perhaps seven months,
oovering the best part of the lactation period. After this they were turn-
ed to grass. The reader will note that in the preceding tables the period
extends through the entire lactation period, cr for the entire year. The cows
were for the entire time on dry feed, —some of them for four years, except
for a little soiling given during about one month. The results, then, from
our experiment, might well be expeoted to be higher, which they are not.
From a practical standpoint, the amount of materials consumed during
the entire year, whether the cow is in milk or not, is of prime importance.
The yearly consumption charged against the yearly production is the true
measure of the economic value of the animal.




In the following data, each cow is considered separately. In the tables
are shown the amount of produots yielded, the amount of nutrients consumed
(Including and excluding maintenance), the nutritive ratio, nutrients con-
sumed per unit of milk, the nutrients consumed per unit of fat, and the nu-
trients consumed per unit of milk solids. Each yearly reoord is given separ-
ately, and the totals for the entire time.
Cow 19.
The tables S and 9 give results for this cow. She was a large pure-bred
Holstein, but not of very good dairy form, and had long been recognized as
the poorest producer in the herd. In no case did she produce 200 pounds of
fat in a year.
Of the nutrients consumed, S2.71 per oent was necessary for maintenance,
(according to the standard ), leaving only 17.29 per cent available for pro-
duct! on.
In part two of table S a seemingly absurd thing appears: during the
second and third year, she consumed less carbohydrates than was required for
maintenance. This, of course, was overcome by the excess of fat and protein
above maintenance. However, the writer feels certain that had a correct anal-
ysis of the silage been available, the result would have been different.
Table 9 shows that, including maintenance, a large amount of nutrients
was required per unit of product. When maintenance is excluded the opposite
is true.
While under test she was 5-1/2 months dry and gave birth to three calves.

-30-
In economy of production she stands 12th in milk, 13th in fat and
13th in solids.
12.3 pounds milk per day for entire time.
Protein Carbo. Fat Total
.
Nutrients per pound of milk, .1472 .7555 .04S3 1.01HH
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The results from cot; 17 are given in tables 10 and 11. She was a pure-
bred Holstein taken from the University herd, was of much better dairy form
than oow 19, and proved to be one ofthe most economical producers.
60.47 per cent of the nutrients consumed was used for maintenance, leav-
ing 39.53 per cent available for production.
The table shows a decrease from year to year in production, which was
undoubtedly due to the fact that she was an old cow and had passed the period
of most economical production.
During the time under test she gave birth to two calves, carried a third
at the time the experiment closed, and was dry a total of four months.
In economy of production she stands second in milk, sixth in fat and
third in milk solids.
27.3 pounds of milk per day for entire time.
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The results from cow IS are given in tables 12 and 13. She was a
pure-bred Holstein from the University herd and of moderately good dairy
form, though rather light in body.
Of the nutrients consumed, 67. IS per oent was required for maintenance,
leaving 32. S2 per cent available for production.
She was dry two months and gave birth to one calf.
In economy of production she stands fourth in milk, eighth in fat and
sixth in solids.
22. & pounds of milk daily for entire time.
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The results from cow number twenty are given i n tables 1H and 15.
She was a pure-bred Guernsey from the university herd, and of poor dairy
form.
Of the nutrients consumed, 51.01 per cent was required for maintenance,
leaving 4£. 99 per cent available for production.
She was in the experiment three years, was dry five months, and gave
birth to three calves.
In economy of production she stands eighth in milk, fourth in fat and
seventh in milk solids.
15. 6 pounds of milk per day during the entire time.
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The results from cow number three are given in tables 16 and 17. She
was a grade cow with more of a beef than dairy form and was selected from
a dairy herd in the Elgin distriot as an example of a poor cow for dairy pur-
poses. She was not an eoonomic producer, using all of the nutrients consumed
for maintenance, except 5.29 per cent.
This cow continued four years in the experiment, and was dry nine months
and gave birth to three calves.
The same thing happens in the record of this cow as in that of 19:
during the last three years it shows a deficiency in carbohydrates for main-
tenance.
In economy of production she stands 13th in milk, 12th in fat and 12th
in milk solids.
12.05 pounds of milk per day during entire period.
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Number five was a grade cow carrying a good deal of flesh, but not
approaching the beef form as closely as number three. She was evidently
largely of Shorthorn breeding, and was also selected as a poor cow for dairy
purposes
.
After deducting maintenance, of the nutrients consumed 20.15 per cent
was available for production. During the last one-half year the carbohydrates
consumed were not sufficient to fulfill the requirements for maintenance.
This cow was in the experiment three and one-half years, was dry 11
months, and gave birth to three calves. She was not a persistent milker,
each lactation period falling short of a year.
As an economical produoer she stands ninth in milk, eleventh in fat
and twelfth in milk solids.
15.9 pounds milk per day during entire time.
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The results from No. S are given in tables 19 and 20. This cow was
also selected because of her lack of dairy qualities and proved to be a
very unprofitable cow. She was a grade, evidently largely of Shorthorn
blocd.
After deduoting maintenance, 27.52 £er cent of the nutrients consumed
was available for production..
While in the experiment she was dry seven months and gave birth to
two calves.
In economy of production she stands. tenth in milk, ninth in fat
and ninth in milk solids.




Nutrients per pound of milk, .6334
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Cow number seven was a grade cow of poor dairy form and a poor pro-
ducer. She was four years in the experiment and the results are given in
tables 21 and 22. She was dry twelve months and gave birth to three oalves.
The average length of lactation period was only nine months, showing that
she was not a persistent milker.
20. 5*+ per cent of the nutrients consumed was available for produotion.
In economy of production she stands eleventh in mil If, tenth in fat and
tenth in solids.
14.4 pounds of milk per day during the entire period.
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Cow number one was a grade Holstein, selected from a dairy herd as an
example of a profitable cow, and her record given in tables 23 and 24 fully
.justify the choice. She was of good dairy form and never carried a surplus
of flesh.
40.57 per cent of the nutrients which she consumed was available for
product ion.
She was three and one-half years in the experiment. During that time
she was dry eight months and gave birth to three calves.
In economy of production she stand3 first in milk, third in fat and
first in milk solids.
29.2 pounds of milk per day for the entire time.
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Cow number two was a grade, probably of Shorthorn and Holstein blood.
While of the beef form, she proved to be a fairly good producer.
2S.42 per cent of the nutrients consumed by this cow were available for
production.
She was in the experiment three and one -half years, was dry four months
and gave birth to three calves.
In economy of production she stands sixth in milk, seventh in fat and
eighth in milk solids.
21 pounds of milk daily for the entire time.
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The record of this cow is given in tables 26 and 27. She was a pure-
bred Guernsey of medium size and poor dairy form, yet an economical pro-
ducer. She was in the experiment but one year.
44.30 per cent of the nutrients consumed by this cow was available
for production.
In economy of production she stands seventh in milk, first in fat
and second in milk solids. Her milk contained an average of 5.2 per cent
fat, which accounts for her high standing in the economy of fat production.
IS. 7 pounds of milk per day for the entire time.
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In tables 28 and 29 is given the results of a year's record of cow 45.
She was a pure-bred Guernsey of good size and of good dairy form.
One point of interest in connection with thisrecord is that more nu-
trients were consumed above maintenance than by any other cow. 55.39 per
cent of these nutrients was available for production. She did not use it most
economically, however.
In economy of production she stands fifth in milk, second in fat and
fifth in milk solids.
21.6 pounds milk daily during the entire time.
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This cow was a pure-bred Hoist e in about three years old, of good
producing ancestry and of good dairy form. She stands second in the amount
of nutrients consumed above maintenance, H9.46 per oent being available
for production.
In economy of production this oow stands third in milk, fifth in fat
and fourth in milk solids.
28. H pounds per day for the entire time.
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The preceding tables are summarized in tables 32 and 33. These tables
bring together the averages from each cow for comparison.
A careful study will show that the largest producers of milk are not
always the most economical producers of fat, nor is the most economical
produoer of milk or fat necessarily the most economical producer of milk
solids.
In comparing these two tables we find some rather surprising results.
The cow (No. 3) which consumed the smallest amount of nutrients above main-
tenance appears to have used the smallest amount of net nutrients per unit
of product. This con be at least partly explained by repeating what was said
earlier,—that the coefficients of digestible nutrients, used in the case of
some of the foods, were undoubtedly too low. This would work to the advantage
of the cow consuming the smallest margins above maintenance and also produc-
ing a small amount of milk.
The relative standing of the individual cows in amount of nutrients con-
sumed per unit of product, both including and excluding maintenance, is shown
in table J>H. Table 35 is a final summary of the results from the 13 cows
and a comparison of these results, as far as practical, with Haecker's standard.
The results from the individual cows are divided into groups for this
comparison.
The averages from the cows giving milk containing the same percentage
of fat, are grouped together and this average compared with the standard.
Invariably the amount of protein and fat consumed is greater than call-
ed for by the standard. Invariably the amount of carbohydrates is lower.
Multiplying the fat by 2-l/M- and adding to the product the protein and carbo-
hydrates, placing them on the same energy basis, we find that all of the
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The Percent of Digestible Nutrients Consumed, V/hioh is Used by
the Animal for Product, and the Relative Standing of the
Different Cows in Economy of Production of Milk,












Cow No. 19 17.29 12th 13th 13th
11 If 17 39.53 2nd 6th 3d
II IS 32. S2 4th Sth 6th
If 11 20 4S. 99 8th 4th 7th
II II 3 5.29 13 th 12th 12th
11 If 5 20.15 9th 11th 11th
11 11 8 27.52 10th 9th 9th
11 7 20.54 11th T f\ J_ 1_10th 10th
It 1 40. 87 1st 3d 1st
ff oC 2S.42 6th 7th Sth
n )f 44.30 7th 1st m*.Aend
|| lie 55.39 5th end ptn





19 2nd 4th 3d
ii u 17 7th 11th 10th
ii n IS 6th 10th 7th
ii ii 20 13th 13th 13th
ii it 3 1st 1st 1st
ii it 5 3d 2nd 2nd
ii n S 9th 6th 9th
ii ti 7 4th 3d 4th
it it 1 Sth Sth 6th
ii it 2 5th 5th 5th
ti it 11th 7th 11th
ii it 45 12th 12th 12th




Nutrients Consumed per Pound of Milk Containing Different
Percents Fat, Cocpared with Haecker's Standard.
Milk Testing 3$ Fat. (2 cows).
Protein Carbo. Fat Total
Our finding, .0561 .4259 .0277 .5689
Haecker's standard, .0793 .5770 .0193 .6997
Nutrients consumed less than standard, IS. 3 per cent.
Milk Testing 3.370 Fat. (2 oows).
Our finding, .1256 .6427 .03912 .8565
Haecker's standard, .1012 . 766 .0229 .93679
Nutrients consumed less than standard, 5.7 per cent.
Milk Testing 3.5$ Fat. (3 co\ts).
Our finding, .0965 .5205 .0322 .6597
Haecker's standard, .0563 .6300 .02105 .76366




Our finding, .1206 .6304 .040*1 .5419
Haecker's standard, .1019 .766 .024 .9239
Nutrients consumed less than standard, 6.5 per cent.
Milk Testing % Fat. (3 cows).
Our finding, .1115 .5545 .0347 .7441
Haecker's standard, .0696 .610 .0237 .7530
Nutrients consumed less than standard, 1.2 per cent.
Final Average, (3.770 Fat.)
Our finding, .1059 .5775 .0345 .7609
Haecker's standard, .0906 .6661 .0219 .6060
Nutrients consumed less than standard, 5.5 per oent.
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In the final average at the bottom of table 35 our finding shows a con-
sumption of .08356 of a pound of nutrients per pound of milk, less than call-
ed for by the standard* This is 5.5 per cent below the standard^ which is
certainly a very close agreement. Had a careful analysis of the foods been
available, the difference would probably have been less. It must also be
remembered that the period covered by this experiment covers the entire lacta-
tion period and also many dry periods during which more than a maintenance
ration was fed.
For further comparison the summaries from two other feeding experiments
are here given in tables 36 and 37. Table 36 gives the results from two
lots of cows of nine each. Lot I. was fed a moderately good^well balanced
ration. (N. R. 1:6.6). Lot II. was fed a less palatable ration, poorly
balance. (N. R. 1:11). Both of these lots were given as much of the food
as they cared to consume, but the ratio was kept praotically the same. The
experiment continued nearly nineteen weeks, during the best part of the lao-
tation period. The two lots were very well balanced in production.
TABLE NO. 36.
Nutrients Consumed per Pound of Product.
LOT I.
Protein Carbo . Fat Total
Per pound of solids, .5725 3.040 .2539 4.194
" fat, 2.0g00 11.074 .9250 15.335
" milk, .0668 .3269 .02964 .4604
Called for by standard, .0626 .4030 .0176 .5052






Per pound of solids, .4756 4.373 .2473 5.4058
" " fat, 1.623 15.528 1.0780 19.5760
" " milk, .0542 .4808 .02934 .6010
Called for by standard, .0756 .5297 .01922 .64S5
Amount consumed less than called for by standard,— 7.5 per cent.
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This table shows that the lot getting the "wide ration" oonsumed
28.8 per cent more nutrients per pound of solids and 30.5 per cent more per
pound of milk than the lot getting the well balanced ration. It should be
noted that a part of this difference in nutrients per pound of milk is due to
the fact that the milk from Lot II. contained a higher per cent of solids.
The lot getting the "wide ration" lost materially in weight during the
experiment. This was so marked that the question of terminating the experi-
ment at the end of the twelfth week was seriously considered, while the lot
reoeiving the balanced ration maintained their weight.
Theoretically, Lot II. should have produced milk more economically be-
cause of the great loss in weight, but of total nutrients they required 29
per cent more. This difference is due to the lack of a proper supply of
protein and palatability in the ration.
Table 37 gives the results obtained from feeding eleven cows for one
year. The ration was palatable, well balanced, and very liberally supplied .
Their ration consisted of alfalfa hay, corn silage, corn meal and bran. They
were fresh at or near the beginning of the year. Some were very good produc-
ers and others very pcor producers. During the year they made an average
body gain of about 165 pounds.
TABLE NO. 37.
Protein Carbo. Fat Total
Consumed per pound of milk, A268 .6140 . 0808 .9145
Haecker's standard, . 0S01 .5606 .0210 . 62S9
Consumed more than called for by standard, 45.4 per sent.
This table shows that much more was consumed than called for by the
standard.. If, however, we deduct the amount necessary to produoe an aver-
age gain of 165 pounds, the total consumed per pound of milk will approach




Bringing together our findings, we have the following:
TABLE NO. 38.
MILK
Protein Garbo, Fat Total
Average, 33 lactation periods, .103»* .5037 .0335 .6674
ii
,1059 -5 775 .0345 . 7610
ii 9 cows , 19 weeks 1
narrow ration, .0668 ..3269 . 02964 .4604
ii 7 O \J W o , A 7 "CcJVo
wide ration, .0542 . 4805 .02934 .6010
ti 11 yearly records,





33 lactation periods, 2.59 13.31 .835 16. 735
»• 35 vearlv records. 2.823 14.537 . 9206 19. 4^2
ii 9 cows, 19 weeks.1
narrow ration, 2. 08 11.074 .925 15.335
ii
/ V*> U W &
,
X/ WCCJVD
wide ration, 1.623 15.528 1.078 19.576
ii 11 yearly records,




Average, 33 lactation periods, .7« 4.01 .253 5. 043
ii Z CT --o.; r» 1 it Y» ri n i~» Y1 Qjcui 1 j rCvvi uD ) .839 4.199 .2780
1— S S 7 T~5.6635
n 9 cows, 19 weeks'
narrow ration, .5725 3.04 .2539 4.194
ii 9 cows, 19 weeks 1
wide ration, .4756 4.373 . 2473 5 .4058
ti 11 yearly records,
heavy feeding, 1.018 4.931 .648 7.407
These results, based on solids, are quite uniform when we consider the
different conditions under which the different groups v/ere fed, and the
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differences are in logical order: The group fed a well balanced ration for
a short period of the early part of the lactation period gave lowest require-
ments; the group for full lactation period on good ration gave second lowest
results; the group fed on a "wide ration" for a short period of time during
the early part of the lactation period stands third in results; the group
fed for the long period, covering in some cases four years, gave next to
highest results; and the group fed very heavily on a good ration gainec. mater-
ially in weight and gave the highest, or least economical results,.
The ne_t nutrients per unit of product have not teen carried out, though
it would show more interesting facts. Some of the cows which require a
large amount per unit of product
,
including maintenance, appear to require
the least amount of net nutrients. Ey net nutrients is meant the amount above
that required for maintenance and gain.
Professor Haecker has said that the net nutrients required by dairy
cows is practically the same in all cows. This does not appear to be borne
out fully in these results, though they indicate a smaller difference than
is oommortly believed. The cows with whioh Professor Haecker did his work
were a very uniform lot and of much the same breeding.
CONC LUSI01IS.
1. There is a great variation in the amount of nutrients required per
unit of product from the early to the latter part of the lactation period.
2. The results here found" seem to indicate that Haecker's standard
calls for a liberal amount of nutrients.
3. Either under feeding or over feeding tends to increase the require-
ments per unit of product. There is a "happy medium" which gives best re-
sults per unit of nutrients consumed.
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'4. In most cases the heaviest producers are the most economical
producers
.
5. The highest producers seem to require more net nutrients per unit
of product than the lighter producers.
6. Approximately five and ene-half pounds of digestible nutrients are
required to produce a pound of milk solids, including maintenance.
r **


